Mucormycosis is an invasive fungal infection commonly seen in diabetics and immunocompromised patients. We report a case of disseminated mucormycosis in a 47-year-old diabetic male who underwent deceased donor renal allograft transplantation about 5 weeks prior to presentation. Our patient presented with increasing fatigue, diarrhea and oligoanuria and was found to have significant acute kidney injury. Doppler ultrasound of the allograft revealed segmental decreased renal perfusion in the upper pole of the allograft with moderate hydronephrosis. Nephrostomy tube placement yielded minimal urine output. An allograft biopsy showed diffuse C4d-positive staining and fungal hyphae suggestive of Mucor infection. Computed tomography (CT) imaging revealed a right upper lobe mass, a small hypodensity in the liver and normal findings in the head. Despite prompt management including discontinuation of immunosuppression, amphotericin B and allograft nephrectomy, the patient had a rapid decompensation, developed respiratory failure requiring intubation, hypotension and supraventricular tachycardia with multiple new areas of hypoattenuation on head CT -all of which ultimately resulted in his death. A review of the literature revealed that mucormycosis is a relatively rare disease with a cumulative 12-month incidence rate of 0.07% in solid organ transplant recipients. Disseminated disease was found in about 23% of cases, with a mortality rate of 96%.
Introduction
Mucormycosis is an aggressive, life-threatening infection usually associated with devastating outcomes. It is caused by Mucorales molds that are ubiquitous spore-forming organisms found in the soil. The infection usually affects immunocompromised patients, especially those with diabetes mellitus. It has a relatively rare incidence among solid organ transplant (SOT) recipients. The organism is angioinvasive and known to cause infarction of infected tissues. When the infection becomes disseminated, the disease caries a mortality rate greater than 95%.
Case
A 47-year-old Hispanic man with a history of end-stage kidney disease secondary to diabetic nephropathy underwent deceased donor renal allograft transplantation. His immediate posttransplant course was unremarkable, with prompt functioning of his allograft and decreasing creatinine levels. His immunosuppressant regimen included tacrolimus, mycophenolate sodium and corticosteroids. Ten days after the transplant, he developed suprapubic abdominal pain that was thought to be due to the indwelling ureteral stent, necessitating its removal with complete resolution of his discomfort.
Approximately 5 weeks following his transplant, the patient presented with fatigue, diarrhea and oligoanuria, without any associated fever or respiratory symptoms. He had significant allograft dysfunction with a creatinine level of 8.1 mg/dl up from a nadir of 2.7 mg/dl. Doppler ultrasound of the renal allograft showed an area of hypoperfusion affecting the upper pole of the renal allograft, with a moderate degree of hydronephrosis. A percutaneous nephrostomy tube was placed without any improvement in urine output or renal function. A renal allograft biopsy was then done to further elucidate the etiology of his graft dysfunction. This revealed diffuse C4d-positive staining in the peritubular capillaries suggestive of acute humoral rejection; however, the biopsy was also remarkable for numerous, broad, ribbon-like, nonseptate, fungal hyphae with wide-angle branching suggestive of Mucor infection. There was a focal cortical infarct accounting for approximately 10% of the overall biopsy, with focal small vessels containing fungal hyphae ( fig. 1 ). The patient was prepared for transplant nephrectomy and arteriovenous fistula thrombectomy. Postoperatively, his anti-rejection medications were discontinued, amphotericin B and micafungin were started and hemodialysis was initiated.
A pathology exam performed after the nephrectomy ( fig. 2a , b) showed significant cortical infarction involving more than half of the cortex, with patchy, widespread involvement of fungal hyphae that involved the ureteral lumen, ureteral wall, renal parenchyma and numerous large and small vessels. Chest CT showed a large right upper lobe cavitating mass measuring 4.9 × 2.8 cm, with scattered areas of smaller nodules present throughout both lungs ( fig. 3 ). Abdominal CT revealed a wedge-shaped area of hypodensity within the anterior spleen compatible with infarction, along with additional areas of hypodensity within the spleen. There was also a nonspecific hypodensity in the right hepatic lobe. Head and maxillofacial CT were normal. The patient underwent a CT-guided biopsy of the right upper lobe of the lung, and pathology confirmed the clinical suspicion of disseminated mucormycosis. Within 1 week of presentation, the patient became hemodynamically unstable, requiring a transfer to the intensive care unit for mechanical ventilation and vasopressor support. As his mental status showed significant decline, a repeat head CT was done. This revealed interval development of areas of subcortical hypoattenuation involving the bilateral frontal lobes, bilateral occipital lobes and bilateral cerebral hemispheres, suggesting multifocal cerebritis with no abscesses (fig. 4 ). The patient's condition continued to deteriorate, and he developed supraventricular tachycardia and the inability to tolerate hemodialysis. His family elected for comfort care and the patient subsequently died.
The patient's records did not reveal any previous history of significant upper or lower respiratory symptoms, and his previous chest X-rays, including the one that was done just before his transplant surgery, were unremarkable. A renal allograft biopsy was done on the recipient of the donor-matched organ (the second donor kidney) and showed no evidence of fungal infection, which made it unlikely to be a donor-transmitted infection.
Discussion
Infection with Mucorales is a serious condition in immunocompetent individuals, with innate immunity generally being sufficient to protect against this infection [1] . SOT recipients are at risk for mucormycosis. Other risk factors for mucormycosis include diabetes mellitus, hematopoietic stem cell transplantation, certain malignancies [2] , glucocorticoid treatment [3] and iron overload [4] . Our patient had several of these risk factors, including long-standing diabetes mellitus, kidney transplant recipient status and glucocorticoid treatment as part of his anti-rejection medication regimen.
The infected tissues usually develop infarction and necrosis as a result of blood vessel invasion by hyphae. Incidence has been on the rise over the past few decades but is variable in SOT recipients, ranging from 0.4 to 16.0% depending on the reference [1] , with an average of 1.1% in kidney transplant recipients [5] . Park et al. [6] found that the 12-month cumulative incidence of mucormycosis was 0.07% in SOT recipients in the multicenter TRANSNET study. This study also identified geographic differences within the USA, with 46% of cases occurring in the South compared with 35, 17 and 7% in the Midwest, West and Northeast, respectively.
The onset of mucormycosis after kidney transplant varied between 1 month and 4 years [7] ; in our case, the onset was about 5 weeks after his transplant. The onset was found to occur earlier in liver transplant recipients (median, 0.8 months after transplant) compared to SOT recipients (median, 5.7 months) [8] . One study reported surgical wound infection a few days after kidney transplant [9] . Disease presentation depends on the affected organs, with rhino-orbital-cerebral infection being the most common presentation seen in 34% of cases, followed by pulmonary in 26%, cutaneous in 17%, gastrointestinal in 12% and renal in 6%. Disseminated disease was found in 14% of cases [10] .
Diagnosis depends on finding the fungal hyphae by pathologic exam of infected tissues. The morphologic features include broad, ribbon-like, thin-walled, nonseptate hyphae with wide-angle branching. Samples from suspected cases often fail to grow Mucorales in microbiologic cultures. Currently, there are no available serological tests for routine diagnostics, and the use of polymerase chain reaction (PCR) has been recently reported. In 1 study, culture was positive in 44% of pathologically proven cases, while PCR was positive in 81% [11] . This correlates very well with our case, in which the diagnosis was made by the characteristic pathologic findings in the absence of positive PCR and fungal cultures.
Treatment usually includes aggressive debridement of infected and necrotic tissues, antifungal agents and withdrawal of immunosuppressive drugs. Continuation of treatment is recommended until full resolution of the infection is achieved, although this usually takes several months. Lipid formulations of amphotericin B have evolved as the cornerstone of primary therapy for mucormycosis. Posaconazole may be useful as salvage therapy, and combination therapy has been recommended to improve outcomes [12] . Adding the iron chelator deferasirox has also shown better response in animal models [13] , while delaying antifungal treatment has been associated with a significant increase in mortality [14] .
The prognosis for mucormycosis is very poor even with aggressive treatment. Roden et al. [15] reviewed 929 mucormycosis cases and found that mortality varied with infection site. The infection was fatal in 96% of patients with disseminated disease, in 85% with gastrointestinal infection and in 76% with pulmonary infection. Disseminated infection developed in 23% of cases. 
